Abstract -This paper describes the design, simulation and practical results of a phase modulator based in an hybrid coupler and two varactor diodes in the band from 2.0 GHz to 3.0 GHz for TTC proposes. A minimum modulation index of 1.22 was obtained at the highest frequency to 1.57 at the lowest. This modulator consist of a two stages hybrid coupler with varactor diodes. Simulation is performed using ADS 2016.01. Even both varactor diodes are feed by the same modulation signal, each of them has his own voltage input for correct varactor impairments. In the measures, excellent isolation is achieved for the 1 st and 4 th port of the ring.
I. INTRODUCTION
In TTC communications, a modulated microwave signal is required, and most of high frequency applications main concerns are component's size and weight. A new type of transponders were designed, using traditional phase modulation or via a data relay satellite using spread-spectrum in PSK modulation with suppressed carrier. Difficulties mainly related to the propagation channel and the required high QoS (Quality of Service).
Phase modulated signals allow on-board coherent demodulation of the received signal. PM signals show high resistance to channel non-linarity thanks to their constant envelope and, moreover, the multiplicity of modulation schemes offer more flexibility to cope with propagation conditions [1] .
Phase modulators is the solution for these types of high profile applications because it effectively reduces the weight and size of the transmitter. As to the details in this case, varactor diodes have been utilized in microwave phase shifters by varying the junction capacitance of a diode as a function of an applied voltage across it. Joining it with an hybrid coupler in these phase modulator, a relatively large phase shift, as a function of applied voltage, is obtained.
The requirements of a microwave phase modulator are ideally not only to maintain the linear relationship between the phase and the modulation signal voltage, but also to have no change in the carrier amplitude with a wide-band modulating video and large modulation index. It is difficult to satisfy both amplitude and phase requirements in a modulator where a four terminal network is involved [2] [3] .
As part of a background concept, if the carrier signal is phase modulated, the resultant signal is [4] :
Where: ‫ܬ‬ (݉) is the Bessel function of the first kind, n order ߱ is the carrier frequency ߱ is the modulating signal frequency ݉ is the modulation index In phase modulation, the modulation index is equal to the peak phase swing in radians independent of its frequency. For a small index, the level of the first sideband is proportional to the peak phase swing of the carrier produced by the modulating signal. Therefore, for a linear phase modulator using small modulation index, the modulating signal is effectively frequency shifted to the first sideband of the carrier signal [4] . For cost reasons, it is desirable to have an index as large as possible, while maintaining linearity and bandwidth. To maximize the carrier to sideband conversion efficiency, careful consideration of the choice of varactor diode and the design of the RF circuit is necessary.
In this paper, a low cost and low size phase modulator using hybrid coupler and varactor diodes as part of the final hybrid circuit is proposed. Here we use the two-staged hybrid coupler to isolate the input and output signals, and two varactor diodes to reflect the RF signal, resulting in a variable phase shift range of 90º (݉ = 1.57) at 2.3 GHz. By using hybrid technology and Rogers 4003 as substrate ( ɛ = 3.55, ‫ܪ‬ = 12 ‫,ݏ݈݅݉‬ ‫ߜ݊ܽݐ‬ = 0.0021), the designed phase modulator has a size limit of 50 mm x 25 mm. This substrate is selected because of its low ɛ variation with temperature (-30º to 85º).
II. DESIGN METHODOLOGY
To design the phase modulator, reflexive phase shifter technique is used. Maynly consist of a 3 dB hybrid coupler and varactor diodes, as mentioned above.
A. Two-stage Hybrid Coupler
The coupler can consist of a single or a multiple stages. A single stage coupler has a relatively narrow bandwidth,
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There is an equal power split of the incident signal at port 1 to ports 2 and 3. No signal propagates directly from port 1 to port 4 (ܵ ଵସ = ܵ ସଵ = 0, (2)). The signal reaching port 2 has a phase delay߂߶, while for the port one reaching port 3 the ߂߶ + . The signals at the ports 2 and 3 are reflected back to port 1 and 4 by the two identical reflective terminations after a delay α. The reflected wave from port 2 reaches port 1 with the total delay of 2߂߶ + ߙ, whereas the signal reflected from port 3, gets at port 1 with a delay of 2߂߶ + 180 + ߙ. The signals are in opposite phase and therefore cancel. However, the signal at port 4 is the superposition of signals reflected from the ports 2 and 3 both having the phase 2߂߶ + 90 + ߙ interfere constructively [5] .
B. Impedance Variation of the Reflective Load Based on Varactor Diodes
The desired phase modulation is achieved by varying the phase of the reflection coefficient (Γ) of the reflective load (ܼ ் ) obtained by varying the impedance of the reflective load including a varactor. The resulting phase variation (߂߶) is given by [6] :
Where ܼ ௫ and ܼ are the maximum and minimum reflective load and ܼ the input/output source impedance. By applying a modulated signal to the reverse bias of the varactor, the phase change is observed due to the explanation above. The commercial selected varactor diode is DH76022, with a reverse breakdown voltage from 0V to 20 V, decreasing its capacitance from 5.2 pF to 0.9 pF.
Adaptation network is needed in ports 2 and 3 to centre the reflection coefficient in the desired values. To correct possible variations of the varactor capacitances, an additional source for each varactor is added.
III. PROPOSED PHASE MODULATOR

A. Design Consideration
The phase modulator proposed should have a balance between cost, size and parameters. The main objectives are:
Band-width: 2.0 GHz -3.0 GHz (S-Band) 
B. Implementation
First of all, the hybrid coupler and the adaptation network is designed and simulated in ADS2016.01 (Fig. 2 ) using the theory above and the substrate characteristics. The comparison between simulation and measures are shown in Fig. 3 . In Fig. 7 , the comparison between the simulation and measurements S(2,1) and S(1,1) are shown : Adaptation is under -8 dB in the bandwidth of interest and losses are lower than -3.2 dB. Regarding to the phase behaviour, two main studies had been done: first, the phase deviation with the discrete values of ܸ to show the bias point necessary to obtain the desirable modulation index; then the phase nonlinearity with the frequency, to show the achievable bandwidth. As shown in the Fig. 8 , the phase modulator can reach a modulation index of 1.22 (70º) with 4.15 V, that is suitable due to the voltage limitations, reaching an index of 1.48 (85º) with 5 V. In the other hand, as seen in Fig. 9 a phase non linearity of 10% is reached for frequencies over 2.6 GHz, being this value the top limit of the bandwidth.
Phase modulator is then tested using both oscilloscope and spectrum analyser. In the oscilloscope the states of the modulated signal are shown, in the spectrum analyser, the carrier-first side band difference is measured. In the first case, Fig. 10 , carrier gets 0 dBm and is fixed in 2.3 GHz, modulation signal gets four states corresponding with 0/1/2/3 Vpp and an offset of -1.5 V (maximum values of the arbitrary signal generator, Agilent 81180B), 100 kHz. The modulated signal is shown: In the second case, Fig. 11 , carrier gets 0 dBm and is swept from 2 GHz to 2.6 GHz with 0.3 GHz steps. Modulation signal keeps parameters explained above. In Table. 1, the values of carrier -first side band relation: When modulation signal is a sine with 3 Vpp and a variable offset to make the maximum value equal to 0 V. In the next tables, the values of the carrier -first side band relation and corresponding modulation index: V. PROBLEMS AND CONCLUSION In this paper, a hybrid phase modulator has been presented. The phase modulator uses a hybrid coupler and two varactors in a 19 mm x 50 mm board. The phase modulator described here is suited for space applications (TTC) bundled with a multiplier, reaching from 2.0 GHz -2.6 GHz, to 6 GHz -7.8 GHz. It got less than 3.5 dB of insertion loss and good adaptation; a minimum modulation index of 1.22 with less than 10% of phase error in the worst case, probably, due to the varactor diode's model (under study).
Speaking of latest developments, this phase modulator works in the first half of the S band, has a fast assembly and a low cost component list. Achieve target modulation index and low insertion losses in the bandwidth, but the phase nonlinearity has to be improved in the second half of the band. The side band rejection is appropriate for our purposes.
